Biomarkers are widely known to be elevated in patients with obesity, diabetes and related chronic complications such as nephropathy, retinopathy and cardiovascular disease. Obesity epidemic has resulted in an increased risk of diabetes development and consequent cardiovascular mortality, leading to probing the usefulness of the inflammatory biomarkers triggered by adipose tissue in individuals at risk. However, current knowledge regarding the clinical usefulness of inflammatory markers in individuals progressing from one stage to another is inconclusive. Therefore, the purpose of this review is to provide an insight on the clinical utility of temporary relationships of biomarker elevations at specific stages of type 2 diabetes. Recently it has been proposed that increased levels of low-grade inflammation biomarkers such as EN-RAGE and IL-13, may serve as indicators for risk of progression from normoglycemia to pre-diabetes and from pre-diabetes to diabetes, respectively. In the development of chronic complications of type 2 diabetes, biomarkers such as TNF-alpha have been proposed to serve as markers of incident albuminuria. Cardiac biomarkers may serve as feasible predictors of the risk of cardiovascular outcomes in diabetic patients. Furthermore, relationships amongst specific biomarkers have been proposed to function as possible future instruments of detection of T2DM such as IL-6, CRP and insulin. Clinicians may be benefited from biomarker profiles on the progression of the disease, minimizing economic and social repercussions.
Introduction
A wealth of information regarding the elevation of inflammatory biomarkers in severe diseases has led clinicians to inquiry about its clinical usefulness in the development of metabolic diseases such as type 2 Diabetes Mellitus (T2DM). In principle, various inflammatory markers have been associated with progression from normoglycemia to pre-diabetes (Interleukin-13, IL-13, extracellular newly identified receptor for advanced glycation end-products binding protein, EN-RAGE, and C Reactive Protein, CRP). However, only higher levels of a limited number of biomarkers of low-grade inflammation have been associated with the early progression of recently diagnosed diabetes [1] . The aim of this mini-review is to provide an insight on the clinical utility of temporary relationships of biomarker elevations at specific stages of T2DM. As an outstanding example, EN-RAGE, also known as S100A12 or Calgranulin C, has been wished for a promising inflammatory marker for pre-diabetes [2] . A general belief is that increased levels of EN-RAGE may serve as indicators for risk of progression from normoglycemia to prediabetes. Interestingly, high EN-RAGE levels have been associated with an increased risk of incident pre-diabetes, while the opposite has been thought for high levels of IL-13 [3] . Therefore, we examine the behavior of biomarkers as a potential indicator of the development, progression and chronic complications of T2DM.
Biomarkers of T2DM risk factors
Obesity is one of the main risk factors for the development of T2DM. White adipose tissue (WAT) is known to have an active role performing many metabolic and endocrine functions in the body [4] . Some of these endocrine functions include the secretion of bioactive proteins (adipocytokines), interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-alpha), resistin, free fatty acids (FFA) and plasminogen activator inhibitor 1 (PAI-1) [5] . The expression of these molecules is related to body weight, increasing with fat accumulation. As a result, a pro-inflammatory state is created within obese WAT [5] .
Two types of macrophage cytokine secretion profiles compete within the WAT: the M1 and M2 profiles [5] . The M1 profile is pro-inflammatory and promotes insulin insensitivity, while M2 produces anti-inflammatory markers [5] . The WAT in the obese population produces low-grade inflammatory markers such as IL-6, while the WAT of lean people produces adiponectin [5] . Adiponectin is an anti-inflammatory protein that naturally inhibits TNF-alpha, increases Interleukin-1 receptor antagonist (IL-1Ra) and thus promotes anti-apoptosis of the beta cells in pancreatic islets and insulin sensitivity [6] . It has been proved that adiponectin levels maintain an inverse relationship with visceral fat and its levels are decreased in obese diabetics and patients with heart disease [6] . Thus, the WAT can tip the balance towards either an M1 or M2 profile through the secretion of IL-6, which explains the anti-inflammatory environment of the adipose tissue of lean populations contrasting with the inflammatory environment of the obese population [5] . Immune cells are further recruited to the tissues through chemotactic signaling that are increased in WAT of obese patients. One such signaling molecule is monocyte chemotactic protein 1 (MCP-1), secreted by adipocytes, which regulates monocyte trafficking into the tissues [7] .
Besides the macrophages, other immune cells are present in the WAT, particularly lymphocytes, which can also have different profiles such as Th1, Th2 and Th17 [8] . For example, the T regulatory lymphocytes are decreased in obese individuals [8] . Their modulation of the immune system is through antiinflammatory molecules: interleukin-10 (IL-10), interleukin-33 (IL-33), peroxisome proliferator-activated receptor gamma (PPAR gamma), that encourage the maturation of M2 macrophages [8] . Lymphocytes can also promote the maintenance of a proinflammatory profile [8] . Some interleukin pro-inflammatory mediators (Interleukin-17A, IL-17A, and Interleukin-17F, IL-17F), present in autoimmune inflammatory diseases such as Crohn disease, multiple sclerosis and rheumatoid arthritis [9] , are also related to the development of glucose intolerance and the development of chronic complications of T2DM. Some authors have reported high levels of IL-17 in patients with recently diagnosed type 2 diabetes [10] ; others have described an inversely proportional relationship between levels of IL-17 and the presence of T2DM retinopathy [11] . Additional studies should be addressed to work out this point.
Obesity, inflammation and increased insulin resistance are associated with the production of IL-17, increased secretion of TNF-alpha, interleukin-1 beta (IL-1beta), providing positive feedback to M1 macrophages [8] , ensuring the continuity of this metabolic imbalance. In the long term, the perpetuation of this inflammatory state eventually results in impaired triglyceride deposition and an increase in circulating FFA [8] . This affects oxidative phosphorylation, concluding in impaired insulinmediated glucose-uptake, thus creating insulin resistance [12] .
Tissues under stress generated by insulin resistance respond by secreting chemokines like MCP-1 and macrophage migration inhibition factor [13] . This, in turn, increases the expression of adhesion molecules such as interstitial and vascular cellular adhesion molecules (ICAM-1, VCAM-1) and E-selectin, crucial for recruitment and diapedesis of immune cells [14, 15] . This process continues the pro-inflammatory state by further activation of cytokines like TNF-alpha, interleuin-1 (IL-1), IL-6 and interleukin-18 (IL-18) [14] that concludes in endothelial dysfunction. The vascular stress response also promotes the production of ICAM-1, whose levels increase secundarily to inflammatory cytokines [16] .
These processes accelerate the production of PAI-1, tissue factor, fibrinogen and factor VIII, thus generating a procoagulant state [12] . PAI-1, is one of the earliest detectable biomarkers of insulin resistance, as is not only associated with endothelial function but also with proatherosclerotic and prothrombic changes [14] . Elevations of this factor correlate with diabetes onset independent of direct measurements of insulin resistance and obesity. However, as glucose intolerance develops into prediabetes it becomes unspecific, suggesting to be most useful for very early stages of detection [14] .
Tissular response to stress increases the levels of CRP, a major acute-phase response mediator induced by IL-6 [15] . As a biomarker of hyperglycemia, CRP is considered a strong indicator of uncontrolled diabetes [17] . It has been associated with endothelial activation [18] , correlating with microalbuminuria, increasing the risk of coronary heart disease, myocardial infarction and ischemic stroke [1, 19] .
The development of glucose impairment is related to the production of some pro-inflammatory interleukins, particularly IL-1 beta and IL-6 [18, 20, 21] . Increased levels of IL-1 beta promote insulin insensitivity and impairment of β-cell function, conferring risk of development T2DM [21] . IL-6, a crucial marker in the innate immune response to T2DM [18] induces inflammation through the hepatic biosynthesis of CRP [18] . Elevated levels of IL-6 are also associated with increases in impaired glucose tolerance (IGT), insulin resistance and increased production of acute-phase proteins [20] . The combination of adjusted IL-6 levels for body mass index and fasting insulin with CRP levels have a multiplicative effect on detection of T2DM [18] .
Biomarkers of T2DM onset Glycation Biomarkers
To emphasize the usefulness of early detection, the further study of phase-specific associations has increased. It has been published that increased levels of EN-RAGE correlated with higher risk of incident pre-diabetes while increased levels of IL-13 decreased the risk of incident pre-diabetes, diabetes and insulinneed. [3] . Additionally, increased levels of ICAM and VCAM were found to be independent risk factors of faster progression from normoglycemia to T2DM [22] .
Mast cells, dendritic cells, eosinophils, and Th2 lymphocytes [23] produce IL-13, which down-regulates the body´s immunodiabetogenic pathways [23] . In animal models, IL-13 regulates glucose homeostasis in the liver, proposing it to be a key target in future research [24] .
EN-RAGE, a product of granulocytes with pro-inflammatory properties, has also been postulated to serve as a marker for incident coronary heart disease, independently of CPR [3] .
Endothelial Dysfunction Biomarkers
It is commonly held that endothelial dysfunction and low-grade inflammation can explain, at least in part, why deteriorating glucose tolerance is associated with cardiovascular disease [19, 25] . However there is no direct consistent evidence to prove it [26] . The identification of biomarkers signaling lowgrade inflammation and endothelial dysfunction preceding atherosclerosis and development of T2DM, represent an opportunity for clinicians to identify individuals at risk [3, 19, 25] . Biomarkers could serve as endothelial dysfunction indicators and independently predict the risk of future T2DM [3, 19] . An increase in levels of these molecules can also be found in patients with hypertension and pre-diabetes, possibly translating as higher risk for cardiovascular complications [14] as they have been described as a risk factor for coronary heart disease [27] . Specifically, the combination of high ICAM and VCAM values is considered the strongest predictor of cardiovascular risk in diabetic patients [15] .
In a population-based study, impaired glucose metabolism was associated only with low-grade inflammation, whereas T2DM was independently associated with both endothelial dysfunction and low-grade inflammation, resulting in increased risk of cardiovascular mortality [27] . Specifically, endothelial dysfunction associated with low-grade inflammation in T2DM was reported to account for 43% increase in cardiovascular mortality risk [27] .
Another adhesion molecule, E-selectin, is now considered a marker of endothelial dysfunction and is considered as a strong indicator for cardiovascular disease [16] . Involved in leucocyte rolling along the endothelium, activated E-selectin is released into the blood stream where it modulates blood pressure [16] and glucose-stimulated insulin secretion [36] . Increased levels of E-selectin are associated with myocardial infarctions as well [16] , which suggests the importance of this biomarker at later stages.
Biomarkers of T2DM complications

Microvascular T2DM complications
Microvascular disease in T2DM can target different organs, each one with their own particularities. We will review the described biomarkers for kidney and retina damage.
Increased levels of TNF-alpha, an immune cell regulator and cell-signaling protein mainly secreted by adipocytes, are present in diabetics with micro or macro albuminuria [28] . Authors have reported that the expression of ICAM reflects the progression of diabetic nephropathy [29] , however, some others described that patients with T2DM with microvascular complications have lower levels of ICAM compared to healthy age-matched subjects [30] . Another adhesion molecule, VCAM-1, has been connected to microvascular complications of T2DM. Increased levels of VCAM-1 are often associated with albuminuria [29] . Studies have discussed the relationship that these 2 molecules have with the progression of diabetic nephropathy and concluded that VCAM appears to be more specific compared to ICAM, which only portrays systemic inflammation. [31] .
Diabetic Retinopathy (DR) is a common, important, and preventable cause of blindness usually diagnosed in the later stages of the disease. Increased levels of ICAM have been proposed to be markers in early stages of DR [30] . Another marker, adiponectin, was demonstrated to be lower in patients with DR [32] . Research is being conducted to find biomarkers for early detection of DR, which include MCP-1, Cathepsin-D [13] and adhesion molecules such as E-selectin. The results of the studies concerning this last marker and DR are inconclusive about its role [33] and further research is needed. Specifically, cathepsin-D, a metabolic protease, is a known biomarker for cardiovascular disease (CVD) diagnosis in patients with chronic kidney disease and it has been correlated with insulin resistance [13, 34] . Increased levels of Cathepsin-D have been found in serum samples of patients with DR [13] , especially in youngonset cases, leading researchers to consider it a vascular ager, along with MCP-1 [13] . Increased levels of MCP-1 were initially associated with DR [13] however; this association is attenuated by traditional risk adjustments such as lifestyle or clinical factors [13] .
Macrovascular T2DM complications
The large amount of literature regarding the use of cardiac biomarkers in T2DM detection has accentuated the need of discussing the clinical utility of markers of cardiac biochemical stress, vascular remodeling and low-grade inflammation, such as natriuretic peptides (NPs), galectin-3 (Gal-3), interleukins and growth differentiation factor-15 (GDF-15) [35, 36, 37] . These biomarkers have been proposed as future candidates of diagnostic or prognostic value in diabetic patients [37] .
Secretion of NPs results from volume overload or the stretching of the cardiac wall [36] . However, recent studies have shown that the NP system function is deficient in obese and diabetic patients due to worse clearance of NP receptors and neutral endopeptidases [36] . Thus, their role in T2DM progression appears to be strongly controversial. Consequently, the NP system in obese and diabetic patients is not able to mediate a wide spectrum of cardiovascular and metabolic protective effects that involve mechanisms of vasodilation, natriuresis, lipolysis, weight loss, lusitropy, lipid peroxidation, mitochondrial respiration improvement and insulin sensitivity [37] . However, according to contemporary clinical guidelines for heart failure, NPs are recognized as powerful biomarkers for acute coronary syndrome and cardiac cytotoxicity, and they provide more accurate diagnostic and predictive values [38, 39] . Thus, isolated obesity remains the crucial condition for decision-making regarding predictive role of NPs and requires more scrutiny [44] . Given all these limitations and controversies, NPs are proposed diagnostic biomarkers linking T2DM with cardiovascular (CV) risk and CV outcomes [37] .
Gal-3 is a lectin that belongs to soluble beta-galactosidebinding proteins highly expressed on surfaces of cells [48] . It regulates cell-to-cell cooperation, immunity, and extracellular interactions, playing a prominent role in inflammation, coagulation, thrombosis, and malignancy [35] . Recent studies have shown that Gal-3 might be an independent biomarker of vascular remodeling and endothelial dysfunction accompanied with inflammation, proliferation, and atherosclerosis in the general population as well as in diabetic patients [35, 41] . Specifically in diabetic patients, Gal-3 was proposed to be a predictor of coronary sclerosis [40] . Amongst individuals with established CV diseases, increases in serum Gal-3 are associated Additionally, Gal-3 has not demonstrated to be superior to other markers such as CRP, NPs, soluble suppression of tumorigenicity 2 (ST2) or growth differentiation factor 15 (GDF-15) as a predictor of vasculopathy, low kidney function, and CV mortality in patients with T2DM [43] . Nevertheless, there is a large body of evidence suggesting that Gal-3 might be a target of the contemporary treatment for patients with T2DM [41] .
Cardiac troponins are biomarkers of myocardial injury, which may exhibit high predictive value for CV death in subjects with established coronary artery disease, myocardial infarction, acute coronary syndrome, and HF [43] . Nevertheless, cardiac troponins may appear independently associated with a higher CV mortality risk in the general population, including obese and T2DM subpopulations [43, 44] . Mildly elevated levels of highsensitivity circulating troponin T (hs-cTnT) in untreated T2DM patients were recently found to be an independent predictor of death beyond traditional CV risk factors, excluding myocardial infarction and HF [45] . Furthermore, elevated level of troponins in diabetic patients do not always precede primary cardiacrelated diseases, but they have frequently been associated with pulmonary thromboembolism, atrial fibrillation, and thromboembolic complications including stroke [46] . Long-term monitoring of hs-cTnT might be useful to stratify diabetics at higher risk of all-cause mortality, even though their predictive accuracy may be suboptimal with other co-morbidities present [47] . Large clinical trials are required to determine whether cardiac troponins correspond to the natural evolution of diabetic cardiomyopathy along all the stages.
Perspectives
Current knowledge allows us to assert established patterns of biomarker behavior in different stages of glucose dysregulation. However, elucidating in which direction should future research be guided to is still in progress. To elucidate the clinical utility of these temporary relationships, we must overcome several limitations. Reports on biomarker behavior were often discordant. Related factors include the use of different measurement techniques for the same marker and the heterogeneity of each population. This allows for limited generalization of the meaningfulness of each finding. The perspective of biomarker use also varies from risk predictors to diagnostic tests of established conditions. An exemplifying case is the use of hs-cTnT as an indicator of higher mortality risk in diabetics or IL-13 as an indicator of progression from normoglycemia to pre-diabetes. Additionally, the presence of some biomarkers is heterogeneous, appearing in diseases that range from cancer to diabetes, as is the case of IL-17A or EN-RAGE, limiting their specificity.
Future efforts should be oriented to enlightening the relationship between IL-13, IL-17 and EN-RAGE, leading to the creation of a metabolic profile to be tested as a risk-stratifying tool. Also, serial measurements of hs-cTnT exclusively in diabetics with a long follow-up period would confirm the association previously found in patients free of heart disease.
We summarize the phase specific behavior of the most relevant biomarkers discussed in this review (see Figure 1 ).
Conclusion
Evidence shown about the phase specific behavior of biomarkers in the stages of T2DM provided us with viable biomarker profiles to be postulate as instruments for risk stratifying or diagnostic purposes. The existence of such an instrument represents a powerful asset that could decrease disease burden.
Future efforts should aim to reach agreement for the employment of biomarkers profiles to serve as assistance for clinicians in their daily practice.
